The aim of this study was to investigate the efficacy and clinical value of liraglutide for the treatment of patients with diabetes mellitus (DM) complicated by non-alcoholic fatty liver disease (NAFLD).
Background
Worldwide, diabetes mellitus (DM) is a common metabolic disorder, with one of the highest morbidity rates of all diseases [1] . A study by Zinman et al. [2] found that the global incidence of DM was 25.6% in 2015 [3] . As living standards improve and society progresses, the incidence of DM is increasing. An analysis of DM morbidity rates by Green et al. [4] revealed that the morbidity will approximate 50% within the next 50 years. Moreover, in some countries with a high population density, such as China, India, and the United States, the number of people older than 50 years with DM will account for more than 60% of the population. Although the morbidity of DM is extremely high, the improvement of available treatments has resulted in a better prognosis [5] .
DM is accompanied by a number of complications, of which a fatty liver is one of the most common [6] . A statistical analysis by Lonardo et al. [7] demonstrated that 78.2% of patients with DM also suffer from a fatty liver. A fatty liver frequently causes insulin resistance, resulting in irritable liver damage and promoting the development of hepatitis, liver cirrhosis, and even liver cancer [8] . Insulin is an important drug used for the treatment of DM; however, developing strategies to avoid serious damage to patients as a result of the reaction between insulin and fatty liver cells are key in curing DM. Liraglutide is a new glucagon-like peptide hypoglycemic agent which not only has an excellent inhibitory effect on blood glucose but also has a very strong regulatory effect on pancreatic b cells and has recently been under the spotlight as a drug for the treatment of DM [9] . We hypothesized that liraglutide is a more effective drug for the treatment of DM complicated by non-alcoholic fatty liver disease (NAFLD) than is the conventional drug.
Therefore, the aim of this study was to investigate the efficacy and clinical value of liraglutide to provide a reference for future clinical treatment of patients with DM complicated by NAFLD.
Material and Methods

Patients data
Eight hundred thirty-five patients with DM complicated by NAFLD treated in our Hospital of Integrated Traditional and Western Medicine were selected as the subjects of this retrospective study. Five hundred twenty-seven patients were men and 308 were women. The patients ranged in age between 45 and 65 years, and the mean age was 52.73±10.26 years. The patients were divided into 2 groups: the liraglutide group (receiving conventional and liraglutide treatment) consisting of 424 patients and the conventional drug group (receiving conventional treatment only) consisting of 411 patients, according to the different therapeutic drugs used during treatment in our hospital. The following inclusion criteria applied: a diagnosis of DM made in our hospital, the presence of NAFLD, undergoing treatment in our hospital after diagnosis, having a complete case, and an age 45-65 years. Patients were excluded if they suffered from cardiovascular, cerebrovascular, or digestive tract diseases; were physically disabled, pregnant, or bedridden over a long period; were transferred to another hospital halfway through the study period; or received or used other drug therapies without the doctors' permission. Written informed consent was obtained from all patients in the study.
Treatment approach and analysis of clinical variables
Patients in the conventional drug group were treated with metformin (dimethylbiguanide; Suzhou Erye Pharmaceutical Co., Ltd., Suzhou City, China) as the main therapeutic drug, 3 times per day (500 mg/time), for 3 months continuously. , and gamma-glutamyl transpeptidase [GGT]). Patients were followed up for between 6 months and 1 year after discharge and assigned a qualityof-life score (body, activities, and mood). Finally, the 2 groups were compared to identify differences in these parameters.
Statistical analyses
SPSS version 22.0 (IBM Corp., Armonk, NY) was used for data processing. Clinical data of patients were represented by ratios. The chi-square test and t test were used for comparisons between the 2 groups: blood glucose levels, blood lipid levels, liver function, and quality-of-life scores were represented by mean ± standard deviation. A P value <0.05 was considered statistically significant.
Results
Patient data
To ensure the accuracy and credibility of the results, age, sex, residence, marital status, smoking habits, exercise habits, body weight, and disease status of patients in the 2 groups were 7400 (Table 1 ). There was no significant difference between the 2 groups (P>0.05), demonstrating that the patients in the 2 groups were comparable.
Test results of parameters before and after treatment
To compare the efficacy of liraglutide and the conventional drug for the treatment of patients with DM complicated by NAFLD, the blood glucose levels, blood lipid levels, and liver function of patients in both groups were tested using an automatic biochemical analyzer. Before treatment, blood glucose levels, blood lipid levels, and liver function were not significantly different between the 2 groups (P>0.05). In both groups, the blood glucose and lipid levels improved after treatment. The FBG of patients in the liraglutide group was 6.52±0.54 mmol/L after treatment, which was not significantly different (P>0.05) from the FBG of the conventional drug group. After treatment, the 2hPG and HbAlc were 9.53±1.01 mmol/L and 7.20±0.46% in the liraglutide group, respectively, and 10.07 ± 0.63 mmol/L and 7.72±0.56% in the conventional drug group, respectively, which were also not significantly different (P>0.05) ( Table 2 ). These results indicate that both metformin alone and liraglutide plus metformin are effective in improving blood glucose levels.
Regarding blood lipid function, after treatment, the TC, TG, LDL-C, and HDL-C in the liraglutide group were 3.92±0.64 mmol/L, 1.01±0.45 mmol/L, 1.54±0.83 mmol/L, and 0.54±0.41 mmol/L, respectively, which were significantly better than in the conventional drug group (TC, 4.95±0.92 mmol/L; TG, 1.96±0.84 mmol/L; LDL-C, 2.68±0.73 mmol/L; HDL-C, 1.08±0.57 mmol/L; P<0.05), demonstrating the efficacy of liraglutide in reducing the blood lipid levels of patients with DM complicated by NAFLD (Table 3 ).
The liver function parameters of patients in the liraglutide group improved significantly: AST, ALT, and GGT were 17.24±4.52 IU/L, 25.33±4.92 IU/L, and 26.14±7.28 IU/L, respectively, after treatment, compared to 27.34±6.25 IU/L, 38.52±9.27 IU/L, and 39.62±9.87 IU/L, respectively, before treatment (P<0.05). In contrast, the parameters of liver function of patients in the conventional drug group did not change significantly after treatment (P>0.05) ( Table 4 ). These results indicate that liraglutide effectively improves liver function.
Prognosis related to quality-of-life score
To study the long-term condition of patients in both groups, patients were followed up for between 6 months and 1 year after treatment by phone call or review and a quality-of-life score was assigned to each patient. Eight hundred twenty-four of 835 patients were followed up; 4 patients in the liraglutide group and 7 in the conventional drug group were lost to follow-up. The results showed that the average score of the liraglutide group (81.00±9.33) was significantly higher than the score of the conventional drug group (68.53±8.44) (P<0.05). The largest difference in the quality-of-life score between the 2 groups was observed in the social activities category; the liraglutide group performed significantly better than the conventional drug group (89.62±9.52 vs. 71.53±8.54, respectively; P<0.05). Body and mood function scores were also better in the liraglutide group than that in conventional drug group (P<0.05) ( Table 5 ).
Discussion
DM commonly causes injury to vital organs and has been proven to trigger heart, brain, liver, eye, and other diseases [10] [11] [12] [13] . NAFLD is one of the most common complications of DM. A study by Younossi et al. [8] demonstrated that long-term exposure to high glucose levels directly impacts the detoxification function of the liver, causing the occurrence of a series of liver diseases. NAFLD is the form of the disease which is not caused by high alcohol consumption; instead, it results from fatty degeneration of the liver parenchymal cells [14, 15] . At present, there is no evidence of the pathogenesis of NAFLD; however, the "second strike" theory by Day and James is accepted in the clinical setting. According to this theory, insulin resistance, oxidative stress, and lipid peroxidation are the main causes of inflammatory liver necrosis and fibrosis. DM is typically characterized as a glucose and lipid metabolism disorder which increases insulin resistance [16, 17] . Conventional therapeutic drugs for DM often result in abnormal liver enzymes, which further aggravate insulin resistance in DM patients [18] . Therefore, the condition of patients with DM complicated by NAFLD may worsen due to the effects of the drugs used during Table 3 . Results of blood lipid tests before and after treatment (mmol/L).
* Refers to the comparison between the 2 groups after treatment and the corresponding group before treatment, P<0.05; # refers to the comparison of test levels between the 2 groups before treatment, P>0.05; $ refers to the comparison of test levels between the 2 groups after treatment; all parameters in the liraglutide group were significantly higher than those in the conventional drug group (P<0.05).
Liraglutide group (n=424)
Conventional drug group (n=411) Table 4 . Results of liver function tests before and after treatment (IU/L).
* Refers to the comparison between the 2 groups after treatment and the corresponding group before treatment, in which all parameters in the liraglutide group before treatment were significantly different from those after treatment (P<0.05), while all the parameters in the conventional drug group before and after treatment were not significantly different (P>0.05); # refers to the comparison of test levels between the 2 groups before treatment, P>0.05; $ refers to the comparison of test levels between the 2 groups after treatment; all parameters in the liraglutide group were significantly higher than those in the conventional drug group (P<0.05).
7402 treatment, forming a vicious circle. Liraglutide, the latest antidiabetic drug, has a strong regulatory effect on the proliferation and differentiation of pancreatic b cells, can promote the secretion rate of endogenous insulin, and has a strong inhibitory effect on insulin resistance [19, 20] . The present study intended to provide a reference and guide for future clinical treatment of patients with DM complicated by NAFLD by analyzing the therapeutic effect of liraglutide on these patients.
Our results showed that both liraglutide and the conventional drug effectively improved the blood glucose and lipid levels of patients with DM complicated by NAFLD; however, the conventional drug had no significant effect on the liver function of patients and even appeared to aggravate the liver. In contrast, liraglutide greatly improved liver function. Based on their quality-of-life scores, the follow-up investigation suggested that the prognosis of patients treated with liraglutide was significantly better than that of patients treated with the conventional drug. The key reasons for the differences between the 2 groups were the improvement of insulin resistance; insulin resistance induces the synthesis of free fatty acids in adipose tissues, causing the elevation of glucagon-like peptide (GLP-1), which aggravates the liver and worsens NAFLD [10] . The seriousness of NAFLD is directly related to the elevation of GLP-1 levels. The capacity of the nervous system to absorb nutrients is lowered by GLP-1 and the ability of the patient to function during drug therapy gradually declines, which ultimately causes the condition to fail to improve. Liraglutide has very high sequence homology with GLP-1 and is able to interact with the GLP-1 receptor [21] , which greatly increases the synthesis and metabolism of cyclic adenosine monophosphate. Insulin secretion is stimulated when blood glucose levels increase, thus inhibiting the secretion of pancreatic glucagon. In contrast, the secretion of insulin is reduced when blood glucose levels decrease, thereby maintaining the normal metabolism of pancreatic glucagon. Meanwhile, liraglutide promotes the proliferation and differentiation of b cells, which play an essential role in the improvement of fatty liver degeneration, hepatocyte injury, and other conditions. In addition, liraglutide can activate the protective effect of GLP-1 receptors in the liver during treatment [22] to prevent secondary liver injury caused by DM. The significant difference in patients' prognoses according to their quality-of-life score observed in our study could be ascribed to this protective effect. Our results confirmed those of a study by Rotman and Sanyal [23] in which they prove the therapeutic effect of liraglutide on liver cirrhosis. However, the mechanism underlying the protection of the liver by liraglutide is not known and further research is necessary.
In this study we compared the efficacy of liraglutide and the conventional drug for the treatment of patients with DM complicated by NAFLD. Our study has several limitations, including the small number of patients and the small range in patients' ages, which means that we cannot exclude the possibility that the efficacy of liraglutide may be different in different age groups. To achieve optimal experimental results, patients will be followed up for a longer period and the experimental design will be improved.
Conclusions
Liraglutide for the treatment of patients with DM complicated by NAFLD can effectively improve blood glucose and lipid levels, as well as liver function; therefore, it should be popularized and applied clinically.
